A soluble wall-associated common protein (WAP) 
A soluble wall-associated common protein (WAP) has been isolated from cell wall-extracted antigens of exponentially growing cells of Streptococcus sanguis OMZ9, two serotypes (a and e), of Streptococcus mutans and Actinomyces viscosus OMZ104. The WAP antigens from the different strains were obtained by chromatography on an anti-rabbit immunoglobulin column of sodium dodecyl sulfate-dissociated immunoprecipitates. The Many surface structures of Streptococccus mutans, especially the serotype antigens, have been extensively studied (8) , but little light has been shed on the characterization of wall-associated proteins. Recently, procedures were described for the extraction of S. inltans wall proteins which appeared to bind more or less strongly to the cell surface (18, 20, 22, 23) . These proteins were found in different cell extracts of S. muitans serotypes a and c, associated with group or serotype antigens (17, 19) . Some of them were common to different serological groups of S. mutans and were also found in culture supernatants (19, 21) . Certain proteins have been characterized as glucosyltransferases as well as dextran receptors (9) (10) (11) (12) .
In an investigation of the antigenic structure of Streptococcus sanguis and S. mutans, we have described the existence of extracellular soluble antigens (ESAs) as well as wall-extracted antigens (WEAs) common to different oral bacteria (S. sanguis, S. mutans, Lactobacillus salivarius, and Actinomyc es viscosus) (23) . Two of those antigens are present in both cell-free culture supernatants and on the cell surface. However, each fraction contains a specific protein antigen common to all oral bacteria tested. To study the relationship between the extracellular common protein (ECP) and the wall-associated common protein (WAP) in regard to their physicochemical and immunobiological properties, we investigated different oral strains which contained both antigens. ECP antigen was prepared by affinity chromatography as previously described (24) and compared with the WAP antigen prepared in the same manner. This paper describes the preparation together with a biochemical comparative analysis of the two proteins isolated from each strain, as well as the ultrastructural localization of WAP on the cell by using the indirect peroxidase labeling method of Lai et al. (13) . (15) . The ESAs and WEAs were prepared from an exponentialphase culture of bacterial cells grown in the synthetic medium D1-20 of Carlsson (3) as previously described (23) . A crude WEA fraction was obtained by extraction of a bacterial pellet of exponentially growing cells with 0.5 M phosphate buffer (pH 6) for 1 h at 4°C. The WEA fraction was then desalted on a Bio-Gel P2 column. The different soluble fractions were concentrated to 2 mg of protein per ml and stored at -20°C.
MATERIALS AND METHODS
Antiserum production. Antisera against ESA and WEA from S. sanguis were raised in rabbits by four subcutaneous injections of equal mixture of antigen (2 mg/ml) and Freund incomplete adjuvant (23) . Immunoglobulin G (IgG) fractions of antisera to S. sanguis WEA and ESA were obtained by chromatography on protein A-Sepharose CL-4B (5 by 1 cm) (Pharmacia Fine Chemicals); nonimmune rabbit IgG was obtained by the same procedure (24) . Sheep IgG (Institut Pasteur Production) directed against rabbit immunoglobulins was also prepared by chromatography on protein A-Sepharose CL-4B (24) .
IgGs against S. sanguis ESA and WEA were first absorbed with heat-killed S. sangiis cells, and the respective cross-reactive antigens were eliminated by absorption of anti-ESA IgG with WEA and of anti-WEA IgG with ESA. Absorption with whole cells was performed by adding 1 ml of packed heat-killed cells to 1 ml of the IgG fraction. Absorption of IgG fractions with soluble antigens was performed after determination of the optimum ratio for the antigen-antibody reaction. The mixtures were kept for 1 h at 37°C and then for 2 days at 4°C, and the resultant precipitate was eliminated by centrifugation. The IgG fractions thus obtained were used for antigen purification.
Antigen preparation.The ECP and the WAP from the different bacterial strains were isolated from the immune complexes as previously described (24) . Briefly, 10 ml of each fraction (ESA or WEA) was mixed with an equal volume of the homologous absorbed IgG fraction, at antigen and antibody concentrations corresponding to the equivalence point, and allowed to stand for 1 h at 25°C. After sedimentation, the immunoprecipitates were washed thrice with phosphate-buffered saline (PBS), dissolved in a minimal volume of PBS containing 0.5% sodium dodecyl sulfate (SDS), boiled for 3 min, and immediately diluted 50-fold with cold PBS. The samples were then applied to the sheep anti-rabbit immunoglobulin immunosorbant. The PBS-eluted peak contained the antigens and corresponded to ECP or WAP antigen.
Immunoelectron microscopy. The WAP antigen of the different strains was localized by the method of Lai et al. (13) (23, 24) . We are able to obtain ECP antigen from ESA fractions by negative affinity chromatography of the dissociated monospecific immune complexes. The ECP antigen was present in the first peak and appeared to be homogeneous in SDS-PAGE (24) .
The WEAs obtained from the different strains by a relatively mild extraction procedure were principally composed of proteins (82%) and minor amounts of carbohydrate (9%) (23) . An analysis of the S. sanguis WEA fraction with corresponding antisera absorbed with both homologous cells and the ESA fraction revealed the existence of a single wall associated protein (WAP), different from the ECP antigen, which is also common to different S. mutans serotypes and to an A. viscosus strain (23) .
The WAP antigen from the different strains was isolated by use of SDS (0.5%)-dissociated immune complexes, obtained by mixing equal volumes of WEA fractions with-corresponding monospecific antisera, and affinity chromatography on anti-rabbit immunoglobulin immunosorbant. The elution profile of the immunosorbant column was the same as previously described (24) , and the WAP antigen was found in the PBS-eluted peak.
The WAP antigen prepared from each strain by affinity chromatography was analyzed by 7.5% PAGE. with an aspartic acid, glutamic acid, threonine, and ser-) (Fig. 1) . ine. Cysteine, measured as cysteic acid, was P-mercap-present at a concentration of only 3% (Table 1) .
iot modify There was a striking similarity between the g a mono-WAP and ECP antigens, not only in the compoomparison sition but also in the order offrequency of amino showed a acids (Table 1) , even though the two types of )0, respec-proteins were prepared from different fractions. ment with A small difference only was noted for the relative percentage of four amino acids: valine, was per-alanine, isoleucine, and leucine. d from S.
The neutral sugar content of the WAP antie, and A. gens was about 5% as estimated by the anthrone ion of the method (Table 2) . Glucose, galactose, mannose, r and was and fucose were identified in a similar molar of glycine, ratio. The WAP antigens contained about 3 to 5% amino sugars (glucosamine and galactosamine). WAP and ECP, derived from the different strains, contained the same constitutive sugars in a similar molar ratio. The UV absorption spectrum of WAP, as well as ECP, antigens exhibited a maximal absorption at 280 nm, consistent with a 91% protein content.
Ultrastructural localization of WAP. To localize the WAP antigen on the cells of the different strains, the horseradish peroxidase labeling procedure described by Lai et al. (13) A DISCUSSION The differentiation and identification of the WAP and ECP antigens common to some oral bacteria, including S. sanguis and S. mutans strains, depended upon the use of two antisera directed against either WEA or ESA fractions. Anti-S. sanguis sera were rendered monospecific by extensive cross-absorption with homologous WEA fractions and then were used for ECP preparation by affinity chromatography of the corresponding dissociated immune complexes (24) . This method was also applied to WAP isolation to compare the WAP antigens with the ECP antigens. Starting with an SDS (0.5%)-dissociated immune complex, obtained by mixing crude WEA and anti-S. sanguis WEA sera absorbed with the corresponding ESA fraction, WAP antigens were obtained by retaining rabbit IgG on an anti-rabbit immunoglobulin column.
Four WAP antigens (from S. sanguis, S. mutans serotypes a and e, and A. viscosus) were successfully isolated. The apparent molecular (19, 22) , show the possibility of such cross-reactions mediated by wall-associated proteins, even if they are less numerous than wall polysaccharides. The presence of such antigens widely distributed among oral bacteria might be of interest in caries protection studies, after testing of their nonreactivity with human heart tissue antigens.
